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ABSTRACT 

INTRODUCTION: The aim of this in vitro study was to compare the effectiveness of three 
rntracanal medicaments in disinfecting the root canal and dentin of experimentally infected 
human teeth with Enterococcus faecalis (EF). 

MATERIALS AND METHODS: One hundred extracted human single-rooted teeth were used. 
After root canal preparation, teeth were mounted in epoxy resin. Following sterilization, the 
teeth were infected for 28 days with EF. Then root canals were filled with one of three different 
disinfectants: viscous 2% Chlorhexidine (CHX), calcium hydroxide paste (CH) or a mixture of 
CH and CHX (n=30 in each group). Antimicrobial assessments were performed at 1, 3 and 7 
days (n=10 in each time period). Microbial samples were obtained from root canals before and 
after the experiment. Also dentin samples were examined. The data was analyzed using Two- 
Way ANOVA test. 

RESULTS: The findings showed that there was no difference between experimental groups at 
different time periods. The mixture of CH/CHX in 7 days was able to eliminate EF completely 
from root canal system. The most elimination of EF was from dentinal tubules. 
CONCLUSION: According to the results of this in vitro study, viscous 2% CHX, mixture of CH 
with distilled water and 2% CHX are all effective disinfectants. 
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INTRODUCTION 

The main purpose of root canal therapy is to 
eliminate microorganisms and their products 
from the root canal system as well as to prevent 
re- infection. Although mechanical canal 
preparation plays an important role in root 
canal cleaning, it is not capable of thoroughly 
eliminating microorganisms from the complex 
root canal system. Investigators have noted that 
bacteria in instrumented, unfilled canals can 
multiply and reach their pretreatment numbers 
in 2 to 4 days (1). hi such cases dressing of root 



canals using antimicrobial medicaments are 
advocated (2,3). Enterococcus faecalis (EF) is 
a resistant microorganism that etiologically 
plays an important role in persistent periapical 
lesions. Studies have shown that EF is the most 
prevalent microorganism populating in root 
canals with therapy-resistant lesions (4). 
Several papers demonstrated its resistance to 
calcium hydroxide (CH); the most common 
intracanal medicament used in endodontic 
treatments (5,6). 

Chlorhexidine gluconate (CHX) has a wide- 
spectrum antimicrobial activity against gram 
positive and gram negative microorganisms, 
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bacterial spores, lipophilic viruses, and yeasts 
(7). This agent has the acceptable 
biocompatibility and feasibility to be used as an 
inter-appointment dressing (8). CHX acts as an 
antimicrobial reservoir; so that it is absorbed by 
hydroxyapatite then it is released from the 
tissues when its concentration falls (9). Hence, 
in order to achieve a broad-spectrum and long 
lasting antimicrobial effect, it is suggested that 
CH powder be mixed with antimicrobial 
irrigants such as CHX instead of water (10). 
The mixture of CH and CHX compared with 
CH and water in order to enhance its 
effectiveness is controversial. 
"Consepsis V" is a viscous form of 2% CHX 
manufactured for endodontic infracanal 
medication. To date, there is only one 
published study (11) concerning the 
antimicrobial effect of "Consepsis V" and CH 
paste which has not evaluated the ability of 
dentin disinfection of these medicaments. 
Therefore this in vitro study was designed to 
evaluate the antimicrobial efficacy of 
"Consepsis V" and CH mixed with different 
vehicles (distilled water or 2% CHX) on human 
teeth infected with EF. 

MATERIALS AND METHODS 

A total of 100 exfracted human single-canalled 

roots without caries, microcracks or root-end 
curvatures were included in this study. As a 
pilot dentin shavings were prepared from 5 
samples to reassure the penetration of EF into 
the dentinal tubules. After culturing, presence 
of EF was documented in dentin shavings. 
After disinfection with 5.25% NaOCl solution, 
the teeth were decoronated to achieve root 
length of 13 to 15mm. The canals were prepared 
using step-back technique. Preparation of the 
apical area was done up to size #40, then flaring 
the canal was performed up to size #80. 
Irrigation was performed between each 
instrument using 2 mL of normal saline, and 
then all the roots were mounted in epoxy resin. 
In order to prevent entrance of epoxy resin into 
the canal through apical foramen, all apices were 
covered with a layer of glass ionomer cement 
(GC Corp., Tokyo, Japan) before mounting in 
resin blocks. Finally 17% EDTA (Ariadent; Asia 
Chemi Teb, Tehran, Iran) was used for 1 min 



and then 5 mL of 5.25% NaOCl (Vista Dental 
Products, Racine, WI, USA) for 3 min to 
remove smear layer. Afterwards, the samples 
were autoclaved. 

EF (ATCC 29212) was cultured in Brain Heart 
Infusion (BHT) agar medium. During the 28 
days of study, microbial suspension was 
replenished in the canals every 2 days except 
for negative control group (n=5). 
After inoculation time (28 days) sampling was 
performed to count EF growth. Initially, three 
sterile paper points #35 (Gapadent CO., LTD., 
Korea) were placed in each canal with 30- 
second intervals. Then the paper points were 
placed in tubes containing 1 mL of normal 
saline. The tubes were vortexed for 20 seconds 
to distribute microorganisms within normal 
saline. From the serial samples, 10-1, 10-2, and 
10-3 dilutions were prepared. After that, 0.1 
mL was taken from each dilution and placed on 
culture medium and smeared by an L-shaped 
sterile bar. EF counting was done in BHl agar 
culture mediiun. 

After CFUl counting, intracanal medicaments 
were used in experimental groups containing 
90 teeth (10 teeth in each group) in the 
following order: 

- 2% CHX (Consepsis V, Ultradent Products fric 
South Jordan, UT, USA) for 1 day 

- 2% CHX for 3 days 

- 2% CHX for 7 days 

- Mixture of Ca(0H)2 (Merk, Darmstadt, 
Germany) /distilled water for 1 day 

- Mixture of CH/distilled water for 3 day 

- Mixture of CH/distilled water for 7 day 

- Mixture of CH/2% CHX for 1 day 

- Mixture of CH/2% CHX for 3 day 

- Mixture of CH/2% CHX for 7 day 

Normal saline was placed in the canals of 
positive confrol group (n=5). 
In negative control group (n=5), microbial 
suspension was not inoculated in the canals 
after sterilization. 

After placing intracanal medicaments and 
sealing the orifices with temporary filling 
material, the samples were incubated at 37°C for 
the whole experiment period. After 1, 3 and 7 
days in above mentioned groups, intracanal 
medicaments were rinsed with 5 mL of normal 
saline and another sample was taken from the 
canals referred to as CFU2. Irrigation with 5 mL 
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Table 1. Antibacterial activity of intracanal medicaments 
(IM) against intratubular bacteria in different time periods 
(n=10 specimens in each subgroup) 
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a:Intracanal medicament, b:2% Chlorhexidine, c:Ca(OH)2, 
d:Distilled water, e:PPositive Control, f:Negative Control 

of normal saline was also performed in the 
positive control group. 

After preparing CFU2 from the canals, the 
teeth were taken out of resin blocks. The dentin 
chips were prepared by shaving the dentinal 
walls from the outside of the root surface 
inwards with a sterile round bur. Thus a thin 
layer of dentin remained between the external 
wall of the root and intracanal space. Then 
dentin chips were placed in tubes containing 
BHl agar. After incubation for 48 hrs in 35°C, 
tubes were evaluated for growth of 
microorganisms by turbidity testing and 
positive cases were registered. 
Thereafter to guarantee that environmental 
contamination has not occurred and to see 
whether there are any remaining microbes in 
the tubules aliquots were taken from turbid 
media and aerobically cultured on BHl agar. 
After incubation time, gram staining and 
diagnostic tests were performed to detect 
microbial entities. Data was analyzed using 
Two-Way ANOVA test. 

RESULTS 

In negative control group, the samples taken 
were all negative. On the other hand, in 
positive control group 38% decrease in EF 
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Figure 1. Mean decrease of Enterococcus faecalis 
colony counts from the canal space 

count was observed. The results for the mean 
decrease of EF counts from canal space are 
presented in Figure 1 . 

Statistical analysis showed that neither the 
type of intracanal medicaments nor the time 
intervals were significantly effective in 
decreasing EF colony counts from the canal 
space (P>0.05). However, in the mixture of 
CH/CHX group, EF was completely removed 
after one week from the canal space in all the 
samples. 

The dentin shavings taken from the samples 
were also evaluated for the presence of EF. The 
results showed that all three medicaments were 
able to significantly eliminate intratubular 
microorganisms (Table 1). Although the most 
prominent value of decrease in number of 
intratubular microorganisms was seen in the 
mixture of CH/CHX group after 1 week, there 
was no significant difference among the three 
medicaments in dentin disinfection in different 
time intervals (P>0.05). 

frrigation by distilled water per se could not 
disinfect dentinal tubules in any of the positive 
control samples. Dentin shavings taken from 
negative control samples were free from EF. 

DISCUSSION 

Enterococcus faecalis was selected due to its 
high prevalence in therapy resistant cases and 
root treatment failures (12-15). As mentioned 
this microorganism is resistant to antibacterial 
effects of CH (4,16). Four-week inoculation 
period was carried out for bacterial inoculation 
into the canals to reassure the entrance of 
bacteria into dentinal tubules (5). 
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Initially a pilot was performed to make sure EF 
did penetrate into dentinal tubules. Furthermore, 
presence of bacteria within dentin samples taken 
from root canal wall shavings in positive control 
group indicates that removal of smear layer and 
entrance of bacteria into dentinal tubules were 
done successfiilly. The negative results of the 
samples from negative control group in various 
stages of the study indicate the accuracy of 
steriUzation initially and absence of sample 
contamination during the process. 
The reason for preparation of dentin chips from 
outside root surface inwards was to prevent 
dentin samples becoming contaminated by 
microorganisms attached to root canal walls 
(innermost dentin layer of root wall). 
Depletion of EF counts as much as 38% in root 
canals of the positive control group can be 
attributable to washing out of microorganisms 
during saline irrigation before second sampling. 
It can be noted that physiological saline solution 
alone, was not able to disinfect dentinal tubules 
in any of the positive control samples. 
Some investigators have questioned the 
effectiveness of CH to disinfect the canals, 
reporting that even after one-week of dressing 
with CH, microorganisms could still be 
detected in canals and root dentin (17,18). 
The current study indicates that CH failed to 
thoroughly eliminate EF in study samples. This 
was in accordance with Evans et al. (4) and 
other previous studies (19-24). Decrease in EF 
counts by over 99% after the use of CH paste 
indicated its effectiveness in chemical cleaning 
of the canals. This finding concurs with that of 
Shuping et al. (25), Gomes et al. (26), and 
Sjogren et al. (3). 

Although CH was effectively able to eliminate 
microorganisms from root canal space, it 
should be noted that an intimate contact 
between microorganisms and CH only occurs 
in the main root canal space (particularly in 
sfraight canals with round cross-sections). This 
form of contact might not arise throughout 
complex root canal system. Also, 
microorganisms may penefrate dentine tubules 
and evade contact with irrigants (26). 
Resistance of EF against CH has drawn 
attention to the use of other intracanal 
medicaments like CHX or the mixture of CHX 
and CH. CHX can bind to dentine 



hydroxyapatite due to its cationic properties 
(27). The bound CHX has excellent 
substantivity enabling it to prevent bacterial 
colonization within the root canal system (28). 
Viscous 2% CHX (ConsepsisV) was used in 
this study, being designed as an infracanal 
dressing between treatment sessions. 2% CHX 
per se was not capable of eliminating bacteria 
from the samples, but a mean 98.17% decrease 
in 1 day, a 99.87% in 3 days, and a 98.64% in 7 
days shows effectiveness of this medicament. 
Contrary to these results Schafer et al. (19) 
showed that CHX can have a significant effect 
on EF after 3 days as it will penetrate dentin 
thoroughly. A significant difference was 
illusfrated with CH paste and mixture of 
CH/CHX in removing EF. 
Other investigations have also emphasized the 
significant effect of CHX against EF 
(6,19,23,26,29,30). One in vivo study showed 
that CHX gel can be used as an effective root 
canal disinfectant during instrumentation (3 1). 
Several authors believe that the mixture of CH 
and CHX can have an inhibitory effect on CHX. 
Hence, the antimicrobial efficacy of this 
mixture is equal to that of CH mixed with 
distilled water (19,32-34). CHX contains 
positive charge while CH is negatively charged. 
The decreased effectiveness of CHX may be 
due to the loss of biguanide proton in pH values 
above 10. This phenomenon can cause a 
significant decrease in antimicrobial efficacy 
and a modified reaction with bacterial surfaces 
due to the change in electrical charge of CHX 
molecules (32,34). 

Conversely, other investigations concluded that 
CHX can render CH more potent against 
resistant microorganisms (23,26,35-37). Our 
study demonsfrated that although the mixture 
of CH/CHX produces bacteria free canals in 
seven days, the results were not statistically 
different with the CH/distilled water mixture, 
concurring with several other studies 
(19,23,29,31-34). Also these results support the 
findings of Manzure et al. (11) which 
demonsfrated a mean decrease in EF colonies 
from the root canals associated with apical 
periodontitis, concluding that the antibacterial 
efficacy of CH, CHX, and CH/ CHX was 
comparable. 

In the present study, there was no significant 
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difference between various intracanal 
medicaments and different time intervals, when 
dentin shavings were evaluated. These findings 
are in agreement with another investigation 
(22). Our study showed that the mixture of 
CH/CHX for 7 days had greater efficacy in 
removing EF contamination from the infected 
dentin, contradicting studies stating that CHX 
per se can significantly eliminate EF irom 
contaminated dentin (19,23). 
Some authors believe that CH, in order to 
achieve its optimal antimicrobial efficacy, has 
to remain within the canals at least for 1 week 
(2), whereas the current study showed no 
significant difference between 1, 2, and 7-day 
intervals in terms of mean decrease in EF 
colonies from the canals and infected dentin. 
The controversy between the results of various 
studies can be attributed to the different 
methods of research. Furthermore, it is not 
possible to equalize in vitro results with 
clinical conditions. Increased antimicrobial 
agent availability, better accessibility of 
agents to all target microorganisms, and lack 
of substances such as serum albumin and 
exudates which deplete antimicrobial efficacy 
intracanal medicaments are some of the 
differences between laboratory and clinical 
settings (26,38). 

According to the present study increased pH of 
CH is maintained even when mixed with 2% 
CHX (39) and therefore the mixture of 
CH/CHX might be effective when an alkaline 
environment is required to stop inflammatory 
resorption and carry out disinfection of the 
canal and dentin. However, further studies are 
necessary in this regard. 

CONCLUSION 

Under the condition of this in vitro study, 
viscous 2% CHX and mixture of CH with 
distilled water or 2% CHX were all effective 
for disinfection of root canal and dentin 
contaminated with EF. 

ACKNOWLEDGEMENT 

This study was supported by Tehran 
University of Medical Sciences and health 
services grant. The authors wish to thank Dr. 



MJ Kharrazifard for his assistance in 
statistical analysis. 

Conflict of Interest: 'None declared'. 

REFERENCES 

1. Bystrom A, Sundqvist G. Bacteriologic 
evaluation of the efficacy of mechanical root canal 
instrumentation in endodontic therapy. Scand J Dent 
Res. 1981;89:321-8. 

2. Sjogren U, Figdor D, Persson S, Sundqvist G. 
Influence of infection at the time of root filling on 
the outcome of endodontic treatment of teeth with 
apical periodontifis. Int Endod J. 1997;30:297-306. 

3. Sjogren U, Figdor D, Spangberg L, Sundqvist G. 
The antimicrobial effect of calcium hydroxide as a 
short-term intracanal dressing. Int Endod J. 
1991;24:119-25. 

4. Evans M, Davies JK, Sundqvist G, Figdor D. 
Mechanisms involved in the resistance of 
Enterococcus faecalis to calcium hydroxide. Int 
Endod J. 2002;35:221-8. 

5. Haapasalo M, Orstavik D. In vitro infection and 
disinfection of dentinal tubules. J Dent Res. 
1987;66:1375-9. 

6. Lin YH, Mickel AK, Chogle S. Effectiveness of 
selected materials against Enterococcus faecalis: 
part 3. The antibacterial effect of calcium hydroxide 
and chlorhexidine on Enterococcus faecalis. J Endod. 
2003;29:565-6. 

7. Shaker LA, Furr JR, Russell AD. Mechanism of 
resistance of Bacillus subtilis spores to 
chlorhexidine. J Appl Bacteriol. 1988;64:531-9. 

8. Leonardo MR, Tanomaru Filho M, Silva LA, 
Nelson Filho P, Bonifacio KC, Ito lY. In vivo 
antimicrobial activity of 2% chlorhexidine used as 
a root canal irrigating solution. J Endod. 
1999;25:167-71. 

9. Delany GM, Patterson SS, Miller CH, Newton 
CW. The effect of chlorhexidine gluconate 
irrigation on the root canal flora of freshly 
extracted necrotic teeth. Oral Surg Oral Med Oral 
Pathol. 1982;53:518-23. 

10. Sjogren U, Sundqvist G. Bacteriologic 
evaluation of ultrasonic root canal instrumentation. 
Oral Surg Oral Med Oral Pathol. 1987;63:366-70. 

11. Manzur A, Gonzalez AM, Pozos A, Silva- 
Herzog D, Friedman S. Bacterial quantification in 
teeth with apical periodontitis related to 
instrumentation and different intracanal 
medications: a randomized cUnical trial. J Endod. 
2007;33:114-8. 



54 



/(Ey -Volume 3, Number 3, Summer 2008 



Intracanal medicaments 



12. Sundqvist G, Figdor D, Persson S, Sjogren U. 
Microbiologic analysis of teeth with failed 
endodontic treatment and the outcome of 
conservative re-treatment. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 1998;85:86-93. 

13. Haapasalo M, Ranta H, Ranta KT. Facultative 
gram-negative enteric rods in persistent periapical 
infections. Acta Odontol Scand. 1983;41:19-22. 

14. Siren EK, Haapasalo MP, Ranta K, Salmi P, 
Kerosuo EN. Microbiological findings and clinical 
treatment procedures in endodontic cases selected 
for microbiological investigation. Int Endod J. 
1997;30:91-5. 

15. Nair PN, Sjogren U, Krey G, Kahnberg KE, 
Sundqvist G. Intraradicular bacteria and fungi in 
root- filled, asymptomatic human teeth with 
therapy- resistant periapical lesions: a long-term 
light and electron microscopic follow-up study. J 
Endod. 1990;16:580-8. 

16. Flahaut S, Hartke A, Giard JC, Auffray Y. 
Alkaline stress response in Enterococcus faecalis: 
adaptation, cross-protection, and changes in protein 
synthesis. Appl Environ Microbiol. 1997;63:812-4. 

17. Peters LB, Wesselink PR. Periapical healing of 
endodontically treated teeth in one and two visits 
obturated in the presence or absence of detectable 
microorganisms. Int Endod J. 2002;35:660-7. 

18. Waltimo T, Trope M, Haapasalo M, Orstavik D. 
Clinical efficacy of treatment procedures in 
endodontic infection control and one year follow-up 
of periapical healing. J Endod. 2005;31:863-6. 

19. Schafer E, Bossmann K. Antimicrobial efficacy 
of chlorhexidine and two calcium hydroxide 
formulations against Enterococcus faecalis. J Endod. 
2005;31:53-6. 

20. Orstavik D, Haiapasalo M. Disinfection by 
endodontic irrigants and dressings of experimentally 
infected dentinal tubules. Endod Dent Traumatol. 
1990;6:142-9. 

21. Love RM. Enterococcus faecalis— a mechanism 
for its role in endodontic failure. Int Endod J. 

2001;34:399-405. 

22. Sukawat C, Srisuwan T. A comparison of the 
antimicrobial efficacy of three calcium hydroxide 
formulations on human dentin infected with 
Enterococcus faecalis. J Endod. 2002;28:102-4. 

23. Gomes BP, Souza SF, Ferraz CC, Teixeira FB, 
Zaia AA, Valdrighi L, Souza-Filho FJ. 
Effectiveness of 2% chlorhexidine gel and calcium 
hydroxide against Enterococcus faecalis in bovine 
root dentine in vitro. Int Endod J. 2003;36:267-75. 

24. RoUa G, Melsen B. On the mechanism of the 
plaque inhibition by chlorhexidine. J Dent Res. 
1975;54:57-62. 

25. Shuping GB, Orstavik D, Sigurdsson A, Trope 



M. Reduction of intracanal bacteria using nickel- 
titanium rotary instrumentation and various 
medications. J Endod. 2000;26:751-5. 

26. Gomes BP, Vianna ME, Sena NT, Zaia AA, 
Ferraz CC, de Souza Filho FJ. In vitro evaluation of 
the antimicrobial activity of calcium hydroxide 
combined with chlorhexidine gel used as intracanal 
medicament. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2006;102:544-50. 

27. Rolla G, Loe H, Schiott CR. Retention of 
chlorhexidine in the human oral cavity. Arch Oral 
Biol. 1971;16:1109-16. 

28. Basrani B, Santos JM, Tjaderhane L, Grad H, 
Gorduysus O, Huang J Lawrence HP, Friedman S. 
Substantive antimicrobial activity in chlorhexidine- 
treated human root dentin. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2002;94:240-5. 

29. Basrani B, Tjaderhane L, Santos JM, Pascon E, 
Grad H, Lawrence HP, Friedman S. Efficacy of 
chlorhexidine- and calcium hydroxide-containing 
medicaments against Enterococcus faecalis in vitro. 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2003;96:618-24. 

30. DArcangelo C, Varvara G, De Fazio P. An 
evaluation of the action of different root canal 
irrigants on facultative aerobic-anaerobic, obligate 
anaerobic, and microaerophilic bacteria. J Endod. 
1999;25:351-3. 

31. Wang CS, Arnold RR, Trope M, Teixeira FB. 
Clinical Efficiency of 2% Chlorhexidine Gel in 
Reducing Intracanal Bacteria. J Endod. 
2007;33:1283-9. 

32. Zehnder M, Grawehr M, Hasselgren G, Waltimo 
T. Tissue-dissolution capacity and dentin- 
disinfecting potential of calcium hydroxide mixed 
with irrigating solutions. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2003;96:608-13. 

33. Zerella JA, Fouad A F, Spangberg LS. 
Effectiveness of a calcium hydroxide and 
chlorhexidine digluconate mixture as disinfectant 
during retreatment of failed endodontic cases. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod. 
2005;100:756-61. 

34. Haenni S, Schmidlin PR, Mueller B, Sener B, 
Zehnder M. Chemical and antimicrobial properties 
of calcium hydroxide mixed with irrigating 
solutions. Int Endod J. 2003 ;36: 100-5. 

35. Siren EK, Haapasalo MP, Waltimo TM, 
Orstavik D. In vitro antibacterial effect of calcium 
hydroxide combined with chlorhexidine or iodine 
potassium iodide on Enterococcus faecalis. Eur J 
Oral Sci. 2004;112:326-31. 

36. Podbielski A, Spahr A, Haller B. Additive 
antimicrobial activity of calcium hydroxide and 
chlorhexidine on common endodontic bacterial 



IT^J - Volume 3, Number 3, Summer 2008 



55 



Sharifian et al. 



pathogens. J Endod. 2003;29:340-5. 

37. Evans MD, Baumgartner JC, Khemaleelakul 
SU, Xia T. Efficacy of calcium hydroxide: 
chlorhexidine paste as an intracanal medication in 
bovine dentine. J Endod. 2003;29:338-9. 

38. Haapasalo M, Endal U, Zandi H. Eradiacation 
of endodontic infection by instrumentation and 



irrigation solutions. Endod Topics. 2005;10:77- 
102. 

39. Souza-Filho FJ, Soares Ade J, Vianna ME, Zaia 
AA, Ferraz CC, Gomes BP. Antimicrobial effect 
and pH of chlorhexidine gel and calcium hydroxide 
alone and associated with other materials. Braz Dent 
J. 2008;19:28-33. 



56 



I'EJ - Volume 3, Number 3, Summer 2008 



